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REVIEW OF STRUCTURAL STABILITY
QOIEBROCK RIVER LAKE

SUMMARY OF REPCRT

Stability analyses of the existing principal concrete structures at
the Colebrook River Iake were performed to determine whether these
structures satisfy current stability criteria. The methods used were a
canbination of conventional hand calculations and computer modeling. The
computer program used was CORPS library CASE program “A Three-Dimensional
Stability Analysis/Design Program (3DSAD)" X8100E (edition E, PC version).

The structural elements considered and the gualitative results of the
analysis are listed below:

Spillway Weir Yes
Spillway West Retaining Wall Yes
Service Bridge Pier Yes
Service Bridge Abutment Yes
Intake Tower with Crane Yes

The conclusion of this study is all structures, have adeguate
stability in accordance with current stability criteria and do not require
any additional strengthening.
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TARIE 1 - Sumary of Foundation Material Parameters

Argle of At Rest Average

Bearing DItermal Earth Press. Shear

Unit Wt. (Ib/ou ft) Cepacity Friction Coefficient Stregth
Sy st sb (ksf) (degrees) (K)) (k=)

Rock Fill 120 140 78 N.A. 40 .36 N.A.
Pervious Fill 135 147 85 7 a7 .60 0.42
Tmpervious 130 145 83 8 30 .50 1.5
Fill
Foudation 166 = - 70% 58 .84 145.0
Reck
Caxrete 1s0 - - 130 30% 50 11.5%
Notes: 1. The (%) values govern for rock/caxrete calculations.
2. Assuned interril angle of friction, 0 = 30 for conxcrete /
rock interface, ard K, = 0.5 for At-rest Soil Pressure
3. Bearing capacity for Pegmatite Granite was reduced by 56%
fram NAVFAC [M-7.2 recammarded value due to faliatians ard
schists in boring logs.
4. The 11.5 ksf shear strength of cocrete value, is taken from

ACT 318-77 section 17.5.2.1



2. FCR 306AD (TEMS MOOULE*

Minimm Maximan Mini
Percent Bearing Sliding FS
Eff. Fase Pressure
(1) IONG TERM 100% 1.0 x ALIOWARLE 2.0
(2) SHORT TERM 75% 1.33 x AUGREIE 2.0
(3) INSTANIANBOUS 0 1.33 x ALLOWABLE 1.3

* From: Criteria for 3DSAD, A Caguter Program for Stability
Aralysis and/ar Design of Three Dimensional Gravity Structures, JWN
1978, pege 16.



Case

Table 3 ~ Retaining Wall Stability Criteria*

Overturming Criteria
Sliding Mmmm Effective Base Mirﬁnun
Iveding Factor of Area in Caomression
Codition Safety, FS Soil Frd. Rock Frd. M

Usaal 1.5 100% ** T5% *k 3.0
Unusual 1.33 75% *k 50% ** 2.0
Earthawke 1.1 Resultant within base 1.0

Table 2 is taken from EM 1110-2-2502, 29 Sep 89 Tahble 4-1 Fage 4-5.

Note: Iess base area in campression than the minimmm shown way be
differential settlement and kearing failure is dotained.



TABIE 4 - STARTT.ITY ANALYSTS SIMMARY

SLIDING
IOADING IN MIDDLE N FACICR CF
CASE THIRD BASE  SAFETY(2)
SPITINAY WEIR
Typical Section I Yes —  1058.71
Elev. 745.0 II Yes — 70.08
Heicght = 16ft. IIT Icad Case ITT not Applicahle
Base = 40ft, v Yes — 17.4¢
\Y Yes — 81.79
VI Yes — 34.78
RETAINING WATL, R-1 Yes —— 66.71
Typ. Section R-2 Yes — 66.71
Elev. 785.0 R-3 Yes — 41.43
Beight = 6ft. (Lcad Cases IT, IV, VI Equivalent)
Base = 5,5ft.
SERVICE BRIDGE FTER
Typ. Section I Yes —— 79.88
Elev. &98 I Yes -_ 59.14
Height = 84ft. IV Yes —_— 39.22
Base = 10.5ft. \Y No Yes 18.64
Vi No Yes 28.70
Ioad Case IOT not gpplicable
BRIDGE ABUIMENT
Section R-1 Yes — 38.19
Elev. 778 R=2 Yes _— 36.40
Heicht = 16ft. R-3 Yes — 78.69
Base = 6ft. (Ioad Cases II, IV ard VI Eoupivalert)

IFNGIH OF BEARING PRESSURE
BASE IN N RXX KIFS/S.F.
BFARING MAXIMM  MINIMM

40 1.824 1.202
40 1.088 0.869
40 0.621 0.320
40 1.84] 1.085
40 1.020 0.937
5.5 0.905 0.560
5.5 0.905 0.560
5.5 1.211 0.205
10.5 14.366 2.336
10.5 7.783 4.150
10.5 6.994 3.412
7.12 24,662 0.000
7.64 20.034 0.000
6ft. 7.775 0.864
6ft. 7.517 0.864
eft. 4.796 2.704



CASE THIRD* BASE  SAFETY BEARING MMM 2 MINIMM
INTAKE TOWER
Bottam 569.0 I (N-S) Yes = 23 100 10.5 8.3
Tep Elev. 823.5 I (E-W) Yes  — 610 100 9.8 8.0
(Cane +15') I, I1T,1IV Yes P 36 100 6.9 4.0
Base = 40ft. (cambined)
v, VI Yog =~ — 38 100 8.4 1.9
IA (N-5) Yes —-— 11.9 100 14.5 4.7
(w/ E-quake)
TIA, ITIA, IVA Yesk ~— 9.6 61 41.5 28.4
(w/ E-quake)

*NOIE: Because of Tower 3-D analysis and irregular shape of the hase, the resultant may
fall within the mikille 1/3 of the base hut not within the 3D kerm. Criteria requires
75% effective base for earthguake loads which the tower has met.



REVIEW OF STRUCTURAL STABILITY
L 1VE

_GEN c

1.1 Purpose

The objective of this study is to review the stability of the existing
concrete structures at Colebrook River Lake, based upon the most recent
and updated stability criteria. This review is performed to comply with
Corps of Engineers regulation ER-1110-2-100, "Periodic Inspection and
Continuing Evaluation of Completed Civil Works Structures”, dated 8 April
1988. Periodic review of existing projects using current engineering
practice 1s to protect public safety.

The major structural elements and project features analyzed for
stability consist of the following:

Spillway Weir

Spillway West Retaining Wall
Service Bridge Pler

Service Bridge Abutment
Intake Tower with Crane

1.2 Stability Criteria

The current stability criteria and governing regulations by which this
project is evaluated are obtained in the following U.S. Army Corps of
Engineers publications:

A. [ENGINEERING MANUALS:

[ =V o T =

EM 1110-1-2101 Working Stresses for Structural Design,
1 Nov. 1963 (with change No. 2, 17 Jan.
1972)

EM 1110-2-2200 Gravity Dam Design, 25 Sept. 1958 (with

change No. 2, 23 Nov. 1960)

EM 1110-2-2400 Structural Design of Spillways and Outlet
Works, 2 Nov, 1964

EM 1110-2-2502 Retaining & Floodwalls, 29 Sept. 1989

B. ENGINEERING TECHNICAL LETTERS:

ETL 1110-2-256 Sliding Stabllity for Concrete Structures,
24 June 198158

1
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C.

NGINEERING REGU I0NS:

ER-1110-2-100 Perfodic Inspection and Continuing Evaluation
of Completed Civil Works Structures, 8 April
1988
ER 1110-2-1806 Earthquake Design and Analysis for Corps of
Engineer Dams, 16 May 1983
Additional Design and Ana te eferences:
ACTI 318-83 American Goncrete Institute, Building Code

Requirements for Reinforced Concrete

NAVFAC DM-7,2 Foundations and Earth Structures, Design
Manual 7.2, May 1982

ETL 1110-2-184 Gravity Dam Design - Stability,
25 February 1974 (rescinded),
(Only, Table I - GRANITIC VARIETIES, was
used for pegmatite rock material parameters.)

U co I S ER-A] TR L _ENGINEERING
CAS ROJEC ENTS :

A Three-Dimensional Stabllity Analysis/Design Program {(3DSAD)
Report 4 Special-Purpose Module for Dams (CDAMS) AUG 1983

CORPS Library program "A Three-Dimensional Stability Analy-
sis/Design Program (3DSAD)" XB8100E (edition E 1989, PC version)

Criteria for 3DSAD : A Computer Program for Stability Analysis
and/or Design of Three Dimensional Gravity Structures (CASE Task
Group on 3-D Stability Analysis, June 1978)

NEW _ENG Vis UM

Design Memorandum Report No. 10, Detail Design of Structures,
COLEBROOK RIVER DAM & RESERVOIR, September 1964

Periodic¢ Inspection Report No. 1, Colebrook River Lake, Feb. 1972

Periodic Inspection Report No. 4, Colebrook River Lake, July 1989

Record Drawings - Colebrook River Dam, Jan. 1965

1.3 Method of Computation:

The methods used were a combination of manual calculations and com-

puter modeling. The computer program used was CORPS library CASE program
"A Three-Dimensional Stability Analysis/Design Program (3DSAD)" X8100E
(edition E, PC version). Manual calculations were performed on the tower,

other structure calculations were performed using 3DSAD.

2
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There are minor differences between the stability criteria between 3DSAD
and EM-1110-2-2200 Gravity Dam Design. The 3DSAD program criteria for
gravity dam overturning and bearing for the Category 2 (short-term) and
Category3 (earthquake) load cases, are similar to the criteria for
retaining wall Unusual loading R-2, and Instantaneous loading R-3, For
this analysis retaining walls were modeled as non-overflow gravity
structures. By adjustment of 3DSAD input for soil parameters, ground water
level and water surface, Gravity Dam Load Cases II 1V, and VI became
equivalent and simulated Retaining Wall Load Cases R-1, R-2 ,R-3.

1.4 Project Description

a. Colebrook River Lake dam embankment is located on the West Branch,
Farmington River, in the town of Colebrook, Connecticut, 3.9 miles above
its confluence with the Still River. The dam was constructed for the pur-
poses of flood control, water supply, and fish and wildlife conservation.
It was completed in June 1969. A hydro-power turbine was installed in the
outlet works tunnel and 22 ton crane was installed on top of the tower in
1988.

b. The dam embankment is 1300’ long, consisting of zoned rolled
earth construction with an impervious fill core. Embankment slopes are
compacted pervious fill, compacted gravel fill, covered by a three zone
rock fill blanket. Under the impervious core is a grouted concrete cutoff
curtaln. Top of dam elevation is 790.0' National Geodetic Vertical Datum
of 1929 (NGVD). The crest is 30’ wide, topped by an 18' wide access road,
and is approximately 223' above the original streambed. The reservoir is
normally maintained at elevation 717' NGVD for water supply purposes. A
chute type spillway, 198’ wide at the spillway ogee weir (crest
520.0'NGVD), 1is cut through rock along the eastern side of the embankment.
The outlet works consists of a normally submerged intake channel, intake
tower with three gates, a 10' diameter tunnel, and a normally submerged
outlet structure.

1.5 Pexrtinent Hvdraulic Data
a. The hydraulic data used for this review are as follows:

Poo : Reservolr at spillway crest elevation 761°'NGVD,
no tail water.

c - Maximum surcharge condition at elevation
785'NGVD, spillway tallwater at elevation 761'NGVD.

b. Major impoundments are:

Stage (NGVD) % _Full Date

757.5 90 June 1984

747.1 68 April 1983

739.8 53 July 1972

734.2 42 June 1979
3

Review of Structural Stabilicy
Colebrook River Lake



1.6 Discussjon of Stabilit nalys and teria

A, Background:
The original design calculations, were based on EM 1110-2-2200 Gravi-
ty Dam Design, 25 September 1958 and, EM 1110-2-2400 Structural Design of i

Spillways and Outlet Works. The retaining walls were designed using EM
1110-2-2502 Retaining Walls, 29 May 1961. The process of designing the
project structures consisted of selection of the section geometry, apply-
ing service loads and then analysis of three stability factors: overturn-
ing, sliding, and bearing.

B. Overtu :

The resistance to overturning by the structure is determined by decter-
mination of where the resultant of all forces is located on the structure
base. For hydraulic structures the resultant should be located within the
middle third of the base (the "kern") for all lecading cases, except
earthquake loading. For earthquake loading cases, it is acceptable for
the resultant to fall outside the kern but must be within the hase,
provided that allowable foundation bearing pressures are not exceeded.

For retaining walls, the resultant of all applied loads should fall within
the middle third of the base, however If the wall bears on rock, a
location farther out 1s permissible if sliding and foundation pressure
criteria are satisfied.

C. :
For the outlet works (spillway and tower), under normal and flood
loading conditions a 2.0 sliding factor of safety 1s required; for
earthquake loading this is reduced to 1.3. For gravity walls and the
bridge abutment the required sliding factor is 1.5 for usual loading
(R-1), 1.33 for Unusual (R-2), and 1.1 for Earthquake (R-3).

Sliding theory and design criteria has undergone the largest amount of
evolution since project design. The Sliding Resistance Method (basically
an empirical limiting ratlo) was used by the designer to select section
dimensions. 8Sliding Resistance Method ratio is:

(H/V) > 0.65

The designers then checked the selected section for the sliding factor
of safety, § s-f, using a modified early form of the Shear Friction
Method, based on Henny, and defined by:

§ s-f = fV+rSA/H > 4.0
S (shear friction) = 0.5 and fe .65 were assumed by the designer.

Sliding stability of structures subjected to lateral loadings 1s now
governed by the criteria outlined in ETL 1110-2-256: Sliding Stability
for Concrete Structures 24 June 1981 and adapted in EM 1110-2-2502 Retain-
ing & Floodwalls 29 Sept. 1989, (Current acceptable sliding stability
approaches, are a Multiple Wedge model using Mohr-Coulomb theory and an
Alternate Method of Analysis (the "Expanded" Shear Friction Method) using
a single wedge model.

The Multiple Wedge Approach considers the effects of a structural
wedge acted on by both an active and passive sides of multiple soil wedges
and multiple failure planes. Each wedge is considered to have homogeneous
soll parameters and is assumed to shear along the unique shear failure

plane of that soil. 4 -
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This approach 1s appropriate when soil conditions are well known and
detailed design is required for economic reasons.

The Alternate Method of Analysis, (Expanded Shear Friction Method),
which was used in this analysis, combines Mohr-Coulomb theory and refine-
ments to Henny's work. The analytical model is a single structural wedge
acted on by service loads, and the shear failure plane is assumed to
be the structure’'s interface of concrete base and foundation material.
Colebrook River Lake structures have horizontal foundations or, in the
case of the anchored spillway wall, "the clip angle" assumed along the
construction joint is horizontal. With assumed horizontal fajilure plane,
the Governing Wedge Equation reduces to:

FS = (cA+(V-U)tan #)/H > 2.0

Solving for FS > 2 (1.3 for earthquake) is an interation process governed
by careful consideration of soll parameters. Although the usual analysis
uses at-rest soil pressures, application of lateral earth passive pressure
is allowed if such conditions can develop. At areas subject to scour it is
best to neglect resisting soil wedge.

D. Bearing:

Bearing failure of structures founded on sound rock is not common.
Simply stated a fallure 1s the exceeding of the maximum allowable bearing
pressure q,17 ( a function of f’'c compressive strength) of the concrete
or the foundation material. This can cause unsatisfactory structure rota-
tion by a material or a shear failure. The shear failure plane is a
funcrion of the angle of intermal friction of a non-stratified homogeneous
material. The shear failure plane in stratified materials usually occurs
along the defined bedding planes. The structures analyzed in this report
are founded on sound pegmatite granite rock, a non-stratified type of
rock.

1.7 SERVICE LOADS:

A. Seismic: The original design calculations used a 0.05 g accelera-
tion coefficient for seismic effects on the outlet works. The spillway
welr and north spillway retalning wall were not analyzed for seismic. For
this analysis, a pseudodynamic, statlc seismic analysis is performed on
all structures using a coefficient of 0.1 g { from Table 1 moderate zone
in ER 1110-2-1806: Earthquake Design and Analysis for Corps of Engineers
Projects. Colebrook River Lake is in Seismic Zone 2 (moderate damage) on
the Seismic Zone Map of Contiguous United States of America (TM 5-809-10
Seismic Design for Bulldings Fig 3-1.)

In accordance with EM-1110-2-2200: Gravity Dam Design, twe types of
earthquake forces are applied to the hydraulic structures: inertia forces
of the structure itself, and hydrodynamic forces resulting from the
reaction of reservoir water. The inertia force of the structure is
computed by the principle of mass times acceleration, and acts through the
center of gravity of the tower. The hydrodynamic force uses a parabolic
distribution based on Westagaard’s work, to approximate the pressure on
the structure due to the reservoir water during an earthquake.

For retaining walls, lateral forces produced by horizontal seismic
accelerations of the backfill and the concrete sectlon are applied, in
addition to the static forces, to the center of gravity of the structural
section. (EM 1110-2-2502 Retaining & Fleoodwalls 29 Sept. 1989)

5
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B. Uplift: Uplift pressure at any point under a structure is the
tailwater pressure plus the pressure measured along the hydraulic gradient
between the upstream and downstream pool. Uplift pressure is considered
to act over 100X of the area upon which it occurs. The line of creep meth-
od was used to determine uplift at a point.

C. Wind: A wind pressure of 30 pounds per square foot is used in
this stability analysis. (EM 1110-2-2200: Gravity Dam Design)

D. Ice : The ice loading for this analysis was neglected for all
structures, Ice pressure of 6000 psf was applied to the tower in the origi-
nal design memorandum. Ice 1s conslidered not valid, due to the conserva-
tive conditions analyzed., The full pool "normal™ condition is 44'+ above
the long term conservation pool. Large pool stage rise, coupled with the
distance of the tower from the embankment make ice loads highly unlikely
during critical events. Ice has not historically been a problem; wvalid
significant ice loads at Colebrook during major events is questionable and
therefore is neglected.

1.7 STABILITY ANALYSIS LOAD CASES :

The various Engineering Manual load cases are specific by type of
gravity structure. The computer program 3DSAD load cases are described in
a slightly more general way. The description of the load cases extracted
from the various criteria sources are as follows:

A, GRAVITY DAMS AND SPILIWAY WEIR: From EM 1110-2-2200: Gravity Dam
Design

Case ]: Construction Condition. Spillway completed but no water in
reservolr, no tailwater, and wind load on the downstream face.

Case 1I: Normal Operating Condition. Pool elevation at spillway
crest., Minimum tailwater., Ice if applicable,

Case II1: Induced Surcharge Condition. Pool elevation at top of
partially opened spillway gate. (This load case is not applicable to
because the spillway at Colebrook River Lake is not gated.)

Cage IV: Flood Discharge Condition. Reserveir at maximum flood pool
{surcharge) elevation and height over spillway crest. Tallwater pressure
at about 0.6 of flood surcharge height, except that full value is used for
computation of the uplifc. Tallwater weight acts on downside of spill-
way. No ilce pressure,.

Case V: Construction Condition with Earthquake. Earthquake accelera-
tion in a downstream direction. No water in reservoir. No wind load. No
tallwater,

Case VI: Normal Operating Condition with Earthquake. Earthquake
acceleration in an upstream direction. Reservoir at splllway crest.
Minimum tailwater. No ice pressure.

6
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B. QUTLET WORKS:From EM 1110-2-2400 Structural Design of Spillways and
Qutlet Works, 2 Nov. 1964 (Para 3-07 ¢. Stability of Gate Structure at
Upstream End)

(NOTE: For this analysis of the tower, Cases II, III and IV, were
combined due to the "normal" pool stage being at spillway crest. Cases V
and VI were also combined due to balanced gate operating procedures during
flood events.)

Case I:

(a) Reservoir empty.

(b) Dead load of structure.

{c)}) Wind load In direction to produce most severe foundation
pressures.

Cage I1I1:

{a) Gate Structure operating at maximum operating pool with all
gates open.

(b) Dead load of structure.

{c) Reservoir at full flood control storage pool. (Top of spill-
way crest)

(d) Earth loads (if any)

(e) Ice pressure, if applicable.

(f) 100 percent uplift on base over 100 percent of area.

(g) Water surface inside structure drawn down to hydraulic gradi-
ent with all gates open.

(a) Gate Structure operating at maximum operating pool with one
outside gate ¢ closed others open.

{b) Dead locad of structure.

(¢} Reservolr at full flood control storage pool. (Top of spill-
way crest).

{(d) Earth loads (if any)

(e) 1Ice pressure, if applicable.

(f) 100 percent uplift on base over 100 percent of area.

(g) Service or emergency gate in one outside passage closed(
Whichever gives more severe condition).

(h) Well full of water upstream from closed gate.

(1) Other gates open with water drawn down to hydraulic gradient
in remainder of structure,

(a) Gate Structure with all gates closed.

(b) No Flow in conduits.

{c) Dead load of structure.

(d) Reservoir at full flood control storage pool. (Top of spill-
way crest).

(e) Earth leoads (if any)

(f) Ice pressure, if applicable.
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(g) 100 percent uplift on base over 100 percent of area.

(h) One Gate (service or emergency) closed in each passage in
combination causing most severe condition. Conduit empty
down stream.

(j) Structure full of water upstream from closed gates.

Case V:
{(a) Reservoir raised to spillway design flood level for which-
ever of preceding Case II,III,IV is most critical.
(b} No ice pressure.

Case VI:
(a) Bulkheads in place.
{(b) Dead load of structure.
(e) Reservoilr at maximum poocl bulkheads are used (Design flood
peol.)
(d) Earth loads (if any).
(e) Ice pressure, If applicable.
(f) All bulkheads in place no water in structure.

Case I or IVA:
Same as Case I,II,III,or IV with earthquake load added if appli-
cable, except that earthquake is substituted for wind in Case IA and for
ice in other cases.

c, RETAINING WALIS: From EM 1110-2-2502, Retaining & Floodwalls, 29
Sept. 1989
Cage Rl - Usual loading: Backfill in place to final elevation. Sur-

charge is not applicable for these structures. The backfill is dry or
moist or partlally saturated, as the case may be; existing lateral and
uplift pressures due to water are applied. Uplift pressure due to water
surface elevation above the bottom of the wall analysis clip plane.

Case R2 - Unusual Loading: The same as Case Rl except for the water

table level in the backfill rises for a Short duration, or another type of
loading of Short duration is applied; e.g., high wind loads, equipment
surcharge during construction. Flood discharge conditions exist.

-3 - ua : This 1s the same as Case Rl with the
addition of earthquake-induced lateral and vertical loads. The uplift is
the same as for Case R1l.

RAL, RA A R RE AD}: From the Crite-
ria For 3DSAD a Computer Program for Stability Analysis and/or Design of
Three Dimensional Gravity Structures, June 1978.

NOTE: Load categeries, (1 - Long term, 2 - Short term, 3 - Instantaneous)

Case_]: Construction Condition (Category 1) - Dead load of structure
with addition of active earth backfill or silt, and wind load in most
critical direction.

8
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Case 1]: Normal Operating Condition. (Category 1, equivalent to R-1)
Dead load of structure: active earth backfill or silt; headwater at spill-
way crest; minimum tailwater; ice pressure if any.

Case I1l: Induced Surcharge Condition. (Category 2) This load case is
not applicable because the spillway at Colebrook River Lake is not gated.

Cagse IV: Spillway Design Flood Discharge Condition. (Category 2,
equivalent to R-2) Dead load of structure with addition of active earth
backfill or silt; headwater at spillway design flood elevation; all gates
open; tailwater at sixty percent of full overflow value, with full uplifct.

Case V: Construction Condition with Earthquake. (Category 3) Earth-
quake acceleration in a downstream direction. No water in reserveir. No
wind load. No tailwater.

Case V]: Normal Operating Condition with Earthquake. (Category 3,
equivalent to R-1) Normal Operating condition with additional lateral
loads due to earthquake in most critical direction. No ice load.

1.9 ield ation:

Periodic Inspection No. 4 was conducted 13, July 1989, no deficiencies
indicating stability problems were found. The general condition of con-
crete in all structures in the study are normal, showing expected deterio-
ration based on age and climate,

1.10

The "state of the art" in geology and foundations has changed since
Colebrook River Lake design In 1960. When interpreting the structural
analysis results, it is essential to understand the accuracy limitation
due to the assumptions made for foundation parameters. The foundation
material parameters, are based on review of the following:

1. Record drawings of borings locations and logs.

2. Design Memorandum No. 3 Site Geology

3 EM 1110-2-2200 Gravity Dam Design, 25 Sept. 1958 (with change No.
2, 23 Nov. 1960)

4, ETL 1110-2-184 Gravity Dam Design - Stability,
25 February 1974 (rescinded), Table I - GRANITIC VARIETIES, (used
for pegmatite values only)

5. American Concrete Institute, Building Code Requirements for
Reinforced Concrete (ACI 318-83), section 17.5 Horizontal shear
strength.

6. NAVFAC DM-7.2 Foundations and Earth Structures, Design Manual
7.2, May 1982, Table 1 - Presumptive Values of Allowable Bearing
Pressures

Important borings were FDO8 at the intake tower, FD15 at the bridge
pler, FD47 at spilllway and FD6 at the outlet. Sliding and bearing
calculations assume the failure plane at the concrete/rock interface.

9
Review of Structural Stability
Colebrook River Lake



PART 2: RESULTS OF THE ANALYSIS

2.1 Spillway Weir: The actual as-built spillway weir meets current
stability criteria.

Note that there 1s a difference in the weir section between the Design
Memorandum #10, and the as-built plans. Disregard design memorandum calcu-
lations and diagram labeled Case III for Maximum Design Flood. The Design
Memorandum shows a reduced base with the force resultant outside the mid-
dle third of the base (the kern). This violated overturning criteria out-
line in EM 1110-2-2200 Gravity Dam Design. The weir design was modified
sometime after design memorandum submission, with changes to the base
elevation and inclusion of a grout cutoff under the weir centerline, the
as-built section is stable in overturning.

2.2 West Spillway Retaining Wall: The wall meets all current

stabllity criteria,

Only the top six feet of the west spillway retaining wall acts as a
gravity retaining wall, and this section was analyzed using 3DSAD. It was
modeled as a non-overflow monolith. The geometry is exact, the depth of
the monolith is 20’, based on the contraction joint spacing, and the as-
sumed sliding failure plane (clip plane) is the construction joint at EL~
785.0 NGVD,

2.3 Service Bridge Pier: The bridge pler meets all current stability
criteria.

The bridge pier was analyzed as a gravity structure using 3DSAD. The
bridge pler geometry was modeled in three sections, two overflow and one
non-overflow. Batter slope on the long axis was not able to be modeled due
to the limitation of the program CDAMS module, but differences are
negligible. The pler is founded on rock, and any lateral bracing by the
bridge deck was neglected. Bridge bearing reactlions were applied as a
concentric 340 kips point load. For Case VI (Normal with earthquake), the
headwater was the long term pool at 715’ NGVD. The results show a reduced
effective base for Case V and VI earthquake loading, but with the
resultant well within the base. Sliding and bearing were well within
limics.

2.4 Service Bridge Abutment: The bridge abutment meets all current
stability criterla,.

The bridge abutment was analyzed as a 3-D gravity structure using
3DSAD, the bridge abutment geometry was computer modeled as a three
section monolith, two overflow and one non-overflow section. Any
differences in geometry due to limitations of the CDAMS wodule are
negligible.
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The abutment is cast against rock, in a box-like cut of sound
pegmatite at an exposed spur of bedrock at the dam embankment. Cut rock
does not exert lateral soil pressure. Soil loading would only occur if the
entire rock driving wedge developed a failure plane.

In the flood case R-2 the abutment has a slightly reduced effective
base (99%) as the resultant falls outside the 3-D kern. The percent of
effective base is well above the required 50X (on rock). Sliding and
bearing were all within limits.

2.5 Intake Tower with Crane: The Intake tower meets all current
stabllity criteria.

Final design of the Colebrook River Lake Tower is slightly different
than the typical tower outline in para 3-07 Stability of Gate Structure
Upstream, EM 1110-2-2400 Structural Design of Spillways and Outlet Works,
2 November 1964. The Colebrook River Lake Tower is a dry-well type and
both the intake and outlet are submerged. The tower was analyzed with
manual calculations for Case I (Construction), a combined load Case
I1,I11,IV (Normal), and a combined load Case V, VI (Flood). Differences
from the design memorandum calculations include addition of the force from
the new 22 ton crane, an increase of the selsmic acceleration coefficient
to 0.1 g and inclusion of the force from the concrete stoplog structure,.
The rational to combine load cases was a submerged conduit combined with
standard operating procedures which preclude non-symmetric gate operation
during critical events. These make the differences between analyses load
cases very minor.

During earthquake the resultants of the tower falls outside 3-D
kern, but within the base meeting overturning criteria for instantaneous
loading. The reduced effective base is 61X%X. Sliding and bearing meet
criteria for instantaneous loading.

Part 3 - Colebrook River Lake Drawings
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